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434a Tuesday, February 18, 2014of charged groups plays a role in modulating the selectivity of the pore for
either anions or protons. To elucidate the molecular mechanism of permeation
and selectivity, we are conducting free energy simulations for the translocation
of protons and other ions in both wild-type and mutant forms of hHv1.
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The sperm-specific cation channel, CatSper, regulates intracellular calcium
levels and is crucial for male fertility, both in mice and humans. CatSper trig-
gers hyperactivation, a type of inducible motility that enables sperm to pene-
trate the egg’s protective vestments. For this motility change, human CatSper
requires elevation of intracellular pH with simultaneous extracellular stimula-
tion by progesterone which sperm encounter during their journey to the oocyte.
In the absence of these stimuli, CatSper retains some basal activity which can
be reversibly inhibited by mild lipid extraction. Here we report that basal CatS-
per activity, as recorded using whole-cell patch clamp technique from mature
human spermatozoa, requires a lipid signaling molecule produced within the
sperm plasma membrane. Furthermore, treatment with the female hormone
progesterone up-regulates the production of this lipophilic signal. Development
of a novel lipid extraction technique has provided a method for concentration,
isolation, and identification of this lipid signaling molecule providing a better
understanding of the lipidic pathways regulating male fertility in humans.
Symposium: Awards Symposium
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Phases and Fluctuations in Biological Membranes
Sarah Veatch.
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The thermodynamic properties of plasma membrane lipids play a vital role in
many functions that initiate at the mammalian cell surface. Some functions are
thought to occur, at least in part, because plasma membrane lipids have a ten-
dency to separate into two distinct liquid phases, called liquid-ordered and
liquid-disordered. We propose that at least some of aspects of lipid mediated
functions occur because plasma membrane composition is tuned close to a crit-
ical point at physiological temperature. This hypothesis is supported by our ob-
servations of micron-sized and dynamic critical fluctuations in isolated plasma
membranes near their critical temperature of roughly room temperature. In this
talk, I will discuss our ongoing efforts to probe for consequences of criticality
in the plasma membranes of intact cells.
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ATP Binding Cassette (ABC) transporters constitute a ubiquitous superfamily
of integral membrane proteins responsible for the ATP powered membrane
translocation of a wide variety of substrates. The highly conserved ABC do-
mains defining the superfamily provide the nucleotide-powered engine that
drives transport. In contrast, the transmembrane domains creating the translo-
cation pathway are more variable, with three distinct folds currently recog-
nized. Structural analyses of the high affinity methionine MetNI importer
and of a bacterial homologue of the mitochondrial Atm1 exporter will be dis-
cussed within the mechanistic framework of the alternating access model. The
interconversion of outward and inward facing conformations of the transloca-
tion pathway is coupled to the switching between open and closed interfaces of
the ABC subunits that are associated with distinct nucleotide states. As
observed for MetNI, additional domains may be present that can regulate trans-
port activity. Building on this qualitative molecular framework for deciphering
the transport cycle, an important goal is to develop quantitative models that
detail the kinetic and molecular mechanisms by which ABC transporters utilize
the binding and hydrolysis of ATP to power substrate translocation.
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The role of lipid-protein interactions in membrane function has long attracted
the attention of researchers in the field of lipid membrane biophysics. Effects of
membrane lipids on G-protein-coupled receptors (GPCRs) are revealed by UV-visible and FTIR spectroscopic studies of the conformational energetics of
rhodopsin in visual signaling [1]. During rhodopsin photoactivation, the photo-
reactive 11-cis-retinylidene chromophore is isomerized to all-trans yielding an
equilibrium between inactive Meta-I and active Meta-II states. Modulation of
the metarhodopsin equilibrium depends on the polar head groups and the lipid
acyl chain length and polyunsaturation. Membrane lipids can forward or back-
shift the metarhodopsin equilibrium due to their chemically non-specific mate-
rial properties [2]. A flexible surface model (FSM) describes elastic coupling of
membrane lipids to the conformational energetics of rhodopsin. The new bio-
membrane model challenges the standard fluid mosaic model. Based on data
first introduced for rhodopsin [2] the idea of a curvature stress field bridges the-
ory and experiment. According to the FSM, membrane lipids whose sponta-
neous curvature stabilizes the activated state within the membrane are
involved in regulating protein function. The new biomembrane model explains
the effects of bilayer thickness, nonlamellar-forming lipids, detergents, and os-
motic stress on visual signaling. An ensemble-mediated activation mechanism
is proposed for rhodopsin in a natural membrane lipid environment, which in-
cludes a role for bulk water in the activation of rhodopsin-like GPCRs [4]. Ion
channels, transporters, and membrane-bound peptides can all be affected by
curvature forces due to elastic deformation of the bilayer, thus giving a new
paradigm for membrane lipid-protein interactions in structural biology.
[1] M.F. Brown (2012) Meth. Mol. Biol.914, 127-153.
[2] M.F. Brown (1997) Curr. Top. Membr.44, 285-356.
[3] M.F. Brown (2012) Biochemistry51, 9782-9795.
[4] A.V. Struts (2011) PNAS 108, 8263-8268.
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Miriam B. Goodman.
Molecular and Cellular Physiology, Stanford University, Stanford, CA, USA.
Touch is the first sense to develop and the last to fade. To investigate the mo-
lecular and physical basis of this crucial sensory modality, we exploit the nem-
atode C. elegans and in vivo cellular physiology.Platform: Optical Microscopy and Super
Resolution Imaging II
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Small RNAs play important roles in regulating gene expression. Here we
describe a new approach for characterization and quantification of small regu-
latory RNAs as well as targeting mRNA at single-cell level by combining
single-molecule in situ hybridization and super-resolution imaging. We apply
this approach to investigate a stress-induced bacterial small RNA, which is
the central regulatory effector of the glucose-phosphate stress response. The
quantitative analysis and localization information allow us to establish a kinetic
model to describe the sRNA-induced target mRNA degradation in the cell.
More importantly, our results demonstrate very promising application of this
technique in studying other bacterial small RNA systems, and potentially mi-
croRNAs in eukaryotes.
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The Topological Organization of the Inactive X Chromosome in its Native
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The three-dimensional topology and compaction profile of an individual chro-
mosome likely influences the expression of its genes. We present the first
high-resolution description of the structure of an individual chromosome, the
inactive X chromosome (Xi), in its native state. Female mouse pre-B cells
were vitrified and then imaged using a pair of emerging imaging techniques,
cryogenic confocal fluorescence tomography and soft x-ray tomography
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formed using fiducial markers visible in both modalities. The Xi was identified
in each cell by its strong enrichment in a fluorescently-labeled histone variant,
macroH2A-EGFP. We present the overall topology, compaction profile, and
volume occupied by the Xi in interphase nuclei. Physical contacts with nucleoli
and the nuclear envelope are
also described. Examination
of eleven individual cells
showed that there is consid-
erable variation in the
spatial arrangement and
compaction profile adopted
by the Xi.
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Synapses are the fundamental structures for signal transmission in neurons. A
synapse is a cell-cell junction composed of pre-synapse and post-synapse be-
tween neurons. The structure of synapses is dynamically changing upon
external stimuli. In this work, we used super-resolution imaging technique
(PALM) to study the synaptic changes after inducing long-term potentiation
(LTP). In particular, after LTP induction, we investigated the changes in dis-
tances between 1. A presynaptic protein (synapsin and postsynaptic scaffold
proteins (Homer1 and PSD95) and 2. Two different postsynaptic scaffold
proteins, namely Homer1 and PSD95. We labeled these proteins using
photo-activable proteins such as mEOS2, Dronpa, and mGeos, and obtained
two-color PALM imaging for each pair of synaptic proteins. Chromatic aber-
ration was corrected for a more precise measurement of the distances. We
found out that, after LTP induction, the distance between Homer1 and
PSD95 decreased significantly from 330 nm to 90 nm; the distance between
synapsin and PSD95 also decreased from 243 nm to 125 nm. Moreover, we
carried out fast PALM imaging, which allows us to take super-resolution im-
ages every minute, in order to observe the volume change of synapses during
LTP. Observation of the time-dependent distribution of PSD95 and Homer1
has shown that the average volume of synapses is increasing after LTP induc-
tion from 0.05 mm3 to 0.076 mm3.
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The error-free progression of DNA replication is essential for all organisms,
and deficiencies in DNA repair mechanisms can have severe consequences,
from increased antibiotic resistance in bacteria to human cancers. The
mismatch repair (MMR) pathway corrects base-pairing errors that are incorpo-
rated during genome replication. This pathway is critical for maintaining
genomic fidelity: loss of MMR increases the mutation rate several hundred-
fold in bacteria and humans alike. From prokaryotes to human cells, the highly
conserved MMR protein MutS and its homologs recognize mismatched nucle-
otides and recruits downstream MMR proteins for repair. Despite the crucial
role of MutS in MMR, the mechanism by which MutS first locates base-
pairing errors remains unclear.
We have developed new methods of super-resolution imaging to reveal the in
vivo single-molecule distributions and dynamics of MutS in live Bacillus sub-
tilis. This Gram-positive bacterium has served as the model for studying DNA
replication and repair due to its genetic competence and high homology with
corresponding pathways in humans. Based on Photoactivated Localization Mi-
croscopy (PALM) and single-particle tracking (SPT), we localized and tracked
MutS-PAmCherry and the replisome subunit DnaX-mCitrine with 20-nm pre-
cision to reveal the spatial relationship and diffusive behaviors of these two
proteins. We observed transient, mismatch-dependent colocalization between
MutS-PAmCherry and DnaX-mCitrine with two-color PALM imaging, and
SPT revealed dramatic changes in MutS-PAmCherry diffusion rates and
confinement behavior upon mutagen treatment. To develop a mechanistic un-
derstanding, we have studied wt MutS as well as mutant strains defective for
mismatch recognition and mismatch unbinding, respectively, and studiedhow the interactions between MutS-PAmCherry and the replisome are changed
by such mutations. Together, our results provide strong evidence supporting
that MutS recruitment to the replisome is required for MMR and precedes
mismatch binding events in vivo.
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Recent studies have identified important regulating elements for transition zone
(TZ) gating in cilia. However, the architecture of the TZ region and its arrange-
ment relative to intraflagellar transport (IFT) proteins remain largely unknown,
hindering the mechanistic understanding of the regulation mechanisms. One of
the major challenges comes from the tiny volume at the ciliary base packed
with numerous proteins, with the diameter of the TZ close to the diffraction
limit of conventional microscopes. Using a custom-built stimulated emission
depletion (STED) superresolution microscope, we revealed relative localiza-
tions of TZ proteins, IFT proteins, transition fiber (TF) proteins, and centriole
proteins. We found TCTN2 at the outmost periphery of the TZ close to the
ciliary membrane, with a 227518 nm diameter. TMEM67 was adjacent to
TCTN2, with a 205520 nm diameter. RPGRIP1L was localized toward the
axoneme at the same axial level as TCTN2 and TMEM67, with a 16558
nm diameter. Surprisingly, CEP290 (antibody against C-terminal amino acids)
was localized at the proximal side of the TZ close to the distal end of the
centrin-labeled basal body. The lateral width was unexpectedly close to the
width of the basal body, distant from the potential Y-links region of the TZ.
IFT88 was also surprisingly distributed in two distinct patterns, forming three
puncta or a Y shape at the ciliary base. We hypothesize that the two distribution
states of IFT88 correspond to the open and closed gating states of the TZ, where
IFT particles aggregate to form three puncta when the gate is closed, and move
to form the branches of the Y-shape pattern when the gate is open.
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Telomeres, which are tandem TTAGGG repeats at the ends of mammalian
chromosomes, are susceptible to degradation by nucleases and misrecognition
as breaks in DNA. Telomeres are protected against DNA damage response
(DDR) pathways by the shelterin complex. It has been proposed that higher or-
der remodeling of telomeric chromatin by shelterin plays a role in this protec-
tion, but telomeres cannot be studied by crosslinking and chromosome capture
methods due to failure of sequence discrimination between repetitive
TTAGGG tracts. Using photoactivated localization microscopy (PALM) we
imaged telomeres in human cells at ~15 nm of resolution. We found that shel-
terin mediates formation of compact telomeric structures (~150 nm in diam-
eter). Knockdown of TRF1, TRF2 and TIN2 subunits of shelterin results in
decompaction and up to 30-fold increase in volume of these telomeric struc-
tures. Mutations that abrogate TRF1 or TRF2 dimerization also lead to different
levels of telomere decompaction, which positively correlates with DDR signal
accumulation at telomeres in these cells. The changes in telomere structure are
not due to DDR accumulation in TRF2 mutant cells, because similar levels of
decompaction are observed after inactivating the ataxia telangiectasia mutated
(ATM) pathway using RNAi. Our results demonstrate that shelterin remodels
telomeric chromatin into compact structures by inter-repeat crosslinking of
telomeric tracts.
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The developing vertebrate heart is a highly dynamic organ that starts to func-
tion early on during embryonic development, even as it continues to undergo
dramatic morphological changes and cellular differentiation. Fast and high res-
olution three-dimensional (3D) imaging is needed to document the intrinsic
